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The personality and cognitive
traits associated with adolescents’
sensitivity to social norms
Christopher Tate1*, Rajnish Kumar2, Jennifer M. Murray1, Sharon Sanchez‑Franco3,
Olga L. Sarmiento3, Shannon C. Montgomery4, Huiyu Zhou5, Abhijit Ramalingam6,
Erin Krupka7, Erik Kimbrough8, Frank Kee1,9 & Ruth F. Hunter1,9
Little is known about the personality and cognitive traits that shape adolescents’ sensitivity to social
norms. Further, few studies have harnessed novel empirical tools to elicit sensitivity to social norms
among adolescent populations. This paper examines the association between sensitivity to norms and
various personality and cognitive traits using an incentivised rule-following task grounded in Game
Theory. Cross-sectional data were obtained from 1274 adolescents. Self-administered questionnaires
were used to measure personality traits as well as other psychosocial characteristics. Incentivised rulefollowing experiments gauged sensitivity to social norms. A series of multilevel mixed effects ordered
logistic regression models were employed to assess the association between sensitivity to norms
and the personality and cognitive traits. The results highlighted statistically significant univariate
associations between the personality and cognitive traits and sensitivity to norms. However, in the
multivariate adjusted model, the only factor associated with sensitivity to norms was gender. The
gender-stratified analyses revealed differences in the personality and cognitive traits associated
with sensitivity to norms across genders. For males need to belong was significantly negatively
associated with sensitivity to norms in the multivariate model. By comparison, emotional stability was
negatively associated with sensitivity to norms for females. This study reinforced the findings from an
earlier study and suggested female adolescents had higher levels of sensitivity to norms. The results
indicated no consistent pattern between sensitivity to norms and the personality and cognitive traits.
Our findings provide a basis for further empirical research on a relatively nascent construct, and bring
a fresh perspective to the question of norm-following preferences among this age group.
Adolescence is a developmental period characterised by a heightened sensitivity to social influences that engender
behavioural change. The social environment takes on greater significance during the transition to adulthood
as the influence of others becomes more s alient1. Many researchers have attempted to delineate the complex
cognitive processes involved in navigating the social environment during adolescence. A review of research on
adolescent social cognitive development2 highlighted the importance of sensitivity to socio-environmental cues
and the role of social acceptance in adolescent decision-making. The social reorientation that occurs during adolescence is marked by a progressive transition away from the proximal family setting in favour of the peer group
context3. Therefore, the extent to which an adolescent is sensitive to norms that compel them to conform to the
behaviours of others is an important consideration for health behaviour research. Broadly defined, “sensitivity
to norms” is an individual’s propensity to adhere to a social norm. In this paper, our focus is narrowed to include
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injunctive norms, which are the perceived expectations to conform to a behaviour and the actions an individual
believes they ought to take to avoid social sanctions4.
The increase in risk-taking during adolescence has been attributed to the need to avoid social sanctions from
peers5. Thus, it can be argued that social behaviour is driven by motivations to integrate with peers6. There are
numerous studies that examine peer influence and peer selection e ffects7. Prinstein et al.8 demonstrate that the
influence of high-status peers on adolescents’ deviant behaviour is associated with higher levels of susceptibility. Further, Teunissen et al.9 showed that susceptibility to pro-alcohol norms of popular peers moderated the
relationship between perceived friends’ drinking norms and adolescents’ alcohol use. In a recent review, Do
et al.10 used Differential Susceptibility Theory to identify neurobiological determinants of susceptibility to social
influence. The authors note that “while person- and environment-specific factors independently affect susceptibility to social influence in adolescence, examining interactions between these characteristics is critical for
identifying those who may be most susceptible, which can have both adaptive and maladaptive developmental
outcomes” (p. 8).
The influence of norms can be captured in a simple “norm-dependent” utility function in which individuals
care about both consumption utility and injunctive norms of behaviour, which depend on the choice setting.
Understanding how an individual’s choices vary as a function of the disutility they experience by violating a given
norm can provide valuable insight into behaviour in social settings. For example, if it is known that smoking is
a desirable social trait among a particular friend group, an individual will increase his/her utility by smoking.
Note that the utility function treats an increase in esteem from choosing to smoke and a reduction of social
sanctions that would be incurred from choosing not to smoke in the same way; if an individual smokes, we can
infer that the utility from doing so outweighs the health risks. Thus, in this instance, smoking can be viewed as
a utility-maximising behaviour ceteris paribus. However, we also know that not everyone in such a friend group
will take up smoking. Why not? In norm-dependent utility theories, an individual’s perceived utility of smoking
with friends is scaled by the individual’s sensitivity to norms. If the adolescent is highly sensitive to the prevailing
norms of the friendship group, he/she will conform to the prescribed behaviours deemed to yield the greatest
level of utility, thereby opting to smoke. Conversely, if he/she is not very sensitive to the norm, his/her choices
may not be affected by the desire to avoid the utility cost of violating the norm, and therefore he/she does not
choose to smoke. By analogy, this carries over to various risk behaviours. Furthermore, by allowing for individual
differences in norm-following proclivity, this example belies the notion that exposure to risk behaviour directly
predicts participation. Consequently, the decision is now characterised by a set of utility functions differentiated
by a single parameter that captures individuals’ heterogeneous disutility from violating the norms.
It is well documented that adolescents are increasingly exposed to similar risk-taking during this period of
development11, particularly in the presence of p
 eers12. However, as we have noted, a limited number of studies
have attempted to argue for the role of sensitivity to norms in determining behavioural choices. Even less is
known about the personality and cognitive traits that govern this sensitivity. Research has shown that adolescents consistently exhibit disproportionately higher levels of reward-seeking13 and risk-taking behaviours14,15.
Moreover, risk-taking preferences can be shaped by sensitivity to r eward16,17. Somerville et al.18 posit that “risky
behaviors observed in adolescence are likely related to an enhanced motivation to seek out incentives and new
experiences” (p. 125). Hence it is not untenable to suggest that incentive-driven behaviour and sensitivity to
norms share similar underlying causal properties.
A study by Altikulaç et al.19 found that sensitivity to social reward was determined by a complex interaction
between age and gender, with older adolescents being driven by a desire to be liked and to gain positive attention
from others. Other studies have identified male adolescents as being more susceptible to peer influence than
their female counterparts20,21. This is in line with the findings of Meldrum et al.22 who additionally observed that
susceptibility to peer influence was negatively associated with self-control. Sumter et al.23 reported in their study
that girls displayed a greater resistance to peer influence while a general increase in resistance to peer influence
was recorded among both male and female participants. Kimbrough and Vostroknutov found that females had
higher levels of norms sensitivity in rule-following tasks24,25. An earlier study by Raffaelli et al.26 found that girls
possessed higher self-regulatory ability than boys, however, the authors note that the factors underpinning this
gender difference are not known. This sentiment was echoed by Allen et al.27 who concluded: “…susceptibility
may reflect underlying developmental difficulties that produce both susceptibility and problematic outcomes…
Further research is now needed to understand the sources of such susceptibility and its exact relation to future
problematic behaviors” (p. 169).
Despite studies demonstrating variability in adolescents’ susceptibility to i nfluence28, the determinants and
gender-related differences of this susceptibility are less clear. In addition, norm-following propensity is not a
well understood construct, nor has it been sufficiently researched in the context of public health. Conversely,
social norms are investigated with relative consistency as a predictor of multiple risk behaviours that include
smoking29,30; drug u
 se31–33; and alcohol u
 se34,35. Nonetheless, few studies have harnessed novel empirical tools
such as those adopted in this study to elicit individual sensitivity to norms with the aim of understanding which
personality and cognitive traits predispose adolescents to the influence of social norms. We set out to address
this gap in the literature through the use of a modified version of the Rule-Following (RF) task validated by
Kimbrough and V
 ostroknutov24. The following research questions were addressed:
H1: Is adolescents’ sensitivity to norms associated with various personality and cognitive traits?
H2: Does the distribution and magnitude of these associations vary across male and female participants?
H3: After controlling for personality and cognitive traits, does gender retain a significant association with
sensitivity to norms?
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Rule-following

Total

Male

1

Full rule-breaking

151 (12.4%)

110 (18.4%)

Female
36(6.0%)

2

Prefer rule-breaking

217 (17.9%)

118 (19.7%)

99 (16.5%)

3

Neutral

169 (13.9%)

82 (13.7%)

85 (14.1%)

4

Prefer rule-following

296 (24.3%)

106 (17.7%)

187 (31.1%)

5

Full rule-following

383 (31.5%)

183 (30.6%)

195 (32.4%)

Table 1.  Distribution of sensitivity to norms levels.

Methods

Study population. Study participants were a cross-sectional sample from the first wave of data collection of the Mechanisms of Networks and Norms Influence on Smoking in Schools (MECHANISMS) study.
The MECHANISMS study was a school-based study designed to further understanding of social norms based
mechanisms of action related to smoking in high- and middle-income settings. Two waves of data collection
took place in Northern Ireland and Bogotá (Colombia) before and after students participated in school-based
smoking prevention interventions (see Hunter et al.36 for full details of the study design).
Cross-sectional data were collected from 1274 students aged 11–15 years in a post-primary educational setting taking part in a structured smoking prevention programme in schools in Northern Ireland, UK (n = 6) and
Bogotá (n = 6). In Northern Ireland, the sample of schools served urban and rural catchments, and maximum
variation sampling was used to ensure there was an adequate balance of schools with high and low proportions of
pupils eligible for free school meals. Eight public schools in Bogotá were identified using a comparable maximum
variation sampling approach. Sampling of schools in Bogotá was performed in three steps: first, 40 private and
public schools were identified based on health risks by the Education and Health Departments of Bogotá; second,
13 schools were shortlisted for inclusion in the study if they were situated in an urban area, were mixed-gender,
and had an enrolment of 90–150 students in year 7; third, six schools accepted the invitation to participate in
the study and were subsequently selected. All data were collected on portable tablets using Qualtrics. Survey
instruments were previously translated and adapted to Spanish-speaking populations (see Part A and B of the
“Appendix” for further information on study procedures and data collection).
Assessment of sensitivity to norms. General norms sensitivity was measured using a variant of the
incentivised Rule-Following task presented by Kimbrough and V
 ostroknutov24,25 designed to assess participants’
propensity to follow established rules and social norms. Monetary incentives were adjusted for purchasing
power parity, aim of the game, and instructions compressibility in Bogotá. All payments were delivered in cash
in Northern Ireland and in a gift card in Bogotá at the conclusion of the MECHANISMS study.
Participants were presented with a task of allocating 50 balls across two buckets (one blue and one yellow) and
instructed that “The rule is to put the balls in the blue bucket”. Participants could choose freely how to allocate
the share of balls to each bucket within the stipulated time frame of five minutes, with no risk of penalty for
violating the stated rule.
The specific monetary value attached to each bucket was as follows: each ball placed in the blue bucket was
worth 5p in Northern Ireland and 100 Colombian Pesos (COP) in Bogotá; and each ball placed in the yellow
bucket was worth 10p in Northern Ireland and 200 COP in Bogotá. Unallocated balls were worth nothing. The
maximum amount a participant could earn if he/she followed the rule completely was £2.50 in Northern Ireland
and 5000 COP in Bogotá compared to £5.00 and 10,000 COP in the two countries respectively if they ignored
the stated rule completely. Therefore, by following the rule, participants incurred an explicit monetary cost proportional to the degree of rule-following (for an example of the survey instrument see Part C of the “Appendix”).
This task provides an incentivized measure of participants’ willingness to incur a monetary cost in order to
follow an arbitrary, experimenter-stated rule. If individuals prefer more money to less and if there is a normative expectation that participants in a study ought to comply with the requests of a researcher, then the extent of
rule-following in the task proxies for an individual’s propensity to follow injunctive norms. Indeed, behaviour
in the RF task has been shown to predict norm-consistent behavior across a variety of tasks (see Kimbrough and
Vostroknutov 201537, 201624, 201825; Ridinger 2 01838; Gross and DeDreu 2 02139).
The extent of rule-following in the RF task provides a measure of individual norm-following proclivity, and
this norm sensitivity measure has been shown to correlate with willingness to follow norms of cooperation,
reciprocity and prosocial behaviour across decision contexts. To avoid introducing any potential biases due to
preference for bucket placement, participants were randomized to a version of the RF task with the blue bucket
on the left (n = 621), or a version with the blue bucket on the right (n = 650).
The distribution of the dependent variable did not follow a normal distribution (see Part D of the “Appendix”) and in line with Kimbrough and V
 ostroknutov25 we classified “full rule-following” individuals as those
who allocated 50 balls to the blue bucket and “full rule-breaking” individuals as those who allocated 0 balls to
the blue bucket. Our approach deviates from that of Kimbrough and Vostroknutov with the inclusion of three
new levels, transforming the dependent variable into an ordinal variable with the adolescents being organised
into five sensitivity to norms levels based on their scores in the rule-following task (see Table 1).
Sensitivity to norms was originally designed to be measured on a continuous scale (0–50), and linear mixed
effects models were included as a supplementary analyses of the associations between the personality/cognitive
traits and sensitivity to norms (see Part G of the “Appendix”).
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Assessment of personality and cognitive traits. We assessed the “Big Five” adolescent personality

traits40 by using the Big Five Personality Trait Short Questionnaire (BFPTSQ). Students were asked to express
their agreement with a list of statements pertaining to different domains of personality by selecting options on a
five-point Likert scale. Each dimension was measured using a 10-item subscale: openness (Cronbach’s α = 0.798);
extraversion (Cronbach’s α = 0.776); agreeableness (α = 0.700); conscientiousness (α = 0.700); and emotional stability (Cronbach’s α = 0.745). In Northern Ireland, we used the questionnaire validated for English-speaking
adolescents41. In Bogotá, we used the questionnaire validated for Spanish-speaking adults42.
The Prosociality score was derived from 5 items from the self-report version of the Strengths and Difficulties
Questionnaire (SDQ) (e.g., “I try to be nice to other people. I care about their feelings”) measured on a threepoint scale from 0 = “not true” to 2 = “certainly true”, with a higher score reflecting more prosocial behavioural
preferences43,44 (Cronbach’s α = 0.733).
The Need to Belong score was derived from the 10-item Need to Belong Scale (NTBS) (e.g., “If other people
don’t seem to accept me, I don’t let it bother me”) measured on a five-point scale, with a higher score indicating
a greater need to b
 elong44,45 (Cronbach’s α = 0.813).
The Fear of Negative Evaluation score was derived from the 12-item brief version of the Fear of Negative
Evaluation Scale (e.g., “I am afraid others will not approve of me”) measured on a five-point scale, with a higher
score indicating a greater fear of negative evaluation44,46,47 (Cronbach’s α = 0.894).

Assessment of sociodemographic characteristics. Sociodemographic data collected at wave one
included country, gender (students who chose the option “prefer not to say” were coded as missing), age, ethnicity, and family structure.
Statistical analysis. As the first stage of statistical analysis, descriptive statistics were used to analyse fre-

quency, percentage, and mean values for sensitivity to norms, and personality and cognitive traits. After checking homogeneity of variance using Levene’s test, a series of independent samples t-tests and Welch’s t-tests were
performed to assess if there was a statistically significant difference in mean scores for each of the personality
and cognitive traits across genders. A chi-squared test was used to determine if sensitivity to norms level differed
significantly across the two subgroups.
One way analysis of variance (ANOVA) tests ( “Appendix” Part E) were carried out to determine whether
there was a significant difference between mean scores for the personality and cognitive traits across each sensitivity to norms level.
After checking distributional assumptions, a series of multilevel mixed effects ordered logistic regression
models were computed (see Part F of the “Appendix”). However, given that the norm-dependent utility function used in this experiment was operationalised as a continuous measure of each individual’s rule-following
proclivity, multilevel linear mixed effects models were computed as supplementary analyses (see Part G of the
“Appendix”). By utilising both linear and ordered logistic models, we allow for: (1) the way in which sensitivity to
norms was originally intended to be used; and (2) the distributional assumptions for linear models being violated.
Multilevel mixed effects ordered logistic regression models were used to examine the association between
the personality and cognitive traits of adolescents and their sensitivity to norms level. Given that the data were
nested, a 4-level hierarchical model was used. This involved students (level 1, n = 1258) nested in classes (level 2,
n = 55), classes nested in schools (level 3, n = 12), and schools nested in countries (level 4, n = 2). The multilevel
models were computed with three random intercepts at Country-, School-, and Class-level. The independent
variables were computed as fixed effects in each multilevel model. Using one-way analysis of variance, the intraclass correlation coefficient (ICC) for between-Country difference was 0.01503 in sensitivity to norms scores.
ICCs computed for Schools (0.03334) and Classes (0.12655) were similarly low, suggesting that there was low
levels of clustering within schools and classes.
A three-step multilevel mixed-effects ordered logistic regression was computed using sensitivity to norms level
as the dependent variable. In the first step, univariate models assessed the relationship between the independent
variables (openness; extraversion; agreeableness; conscientiousness; emotional stability; need to belong; fear
of negative evaluation; prosociality; and gender) computed as fixed effects and sensitivity to norms level with
random intercepts at Country-, School- and Class-level. In the second step, a multivariate model was computed
by simultaneously entering all the independent variables as fixed effects while maintaining random intercepts
at Country-, School- and Class-level. The third model introduced interaction terms to determine if there was a
statistically significant difference in predictors of sensitivity to norms level according to gender. Following this,
the data were stratified by gender, and the same set of analyses carried out for both male and female participants.
For the multivariate regression models, raw independent variables were converted to z-scores to accommodate
differences in instrument scales.
All statistical analyses were conducted using Stata 16.1 (StataCorp, 2019, Stata Statistical Software: Release
16. College Station, TX: StataCorp LLC.).

Ethics approval and consent to participate. The studies involving human participants were reviewed
and approved. Ethical approval was granted from the Queen’s University Belfast School of Medicine, Dentistry
and Biomedical Sciences Ethics Committee (reference number 18.43; v3 Sept 21, 2018), and Research committee of the Universidad de Los Andes, Bogotá (937;July 30, 2018). Written informed consent to participate in this
study was provided by the participants’ legal guardian/next of kin.
The methods were carried out in accordance with the relevant guidelines and regulations set out in the
Declaration of Helsinki.
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Overall
(n = 1258)

Sample characteristicsa

Males
(n = 625)

Females
(n = 633)

T-test p-value

Demographic characteristics
Age, yearsb

0.005c

11

7

(1%)

1

(0%)

6

(1%)

12

459

(36%)

213

(34%)

240

(38%)

13

632

(50%)

303

(48%)

319

(50%)

14

112

(9%)

68

(11%)

44

(7%)

15 or more

64

(5%)

40

(6%)

24

(4%)

Non-ethnic minority

1137

(89%)

556

(89%)

566

(90%)

Ethnic minority

135

(11%)

69

(11%)

65

(10%)

Ethnicityb

0.671c

Household compositionb

0.649c

Non-Single parent

908

(71%)

442

(71%)

455

(72%)

Single parent

366

(29%)

183

(29%)

178

(28%)

31.00

(18.0)

28.23

(19.2)

33.85

(16.1)

< 0.001d

151

(12%)

110

(18%)

36

(6%)

< 0.001c

Sensitivity to norms
Blue bucket allocation
Full rule-breaking

b

Prefer rule-breaking

b

217

(18%)

118

(20%)

99

(16%)

Neutralb

169

(14%)

82

(14%)

85

(14%)

Prefer rule-followingb

296

(24%)

106

(18%)

187

(31%)

Full rule-followingb

383

(32%)

183

(31%)

195

(32%)

Openness

2.57

(0.69)

2.49

(0.72)

2.64

(0.65)

< 0.001d

Extraversion

2.63

(0.74)

2.62

(0.73)

2.65

(0.76)

0.538

Big five personality traits

Agreeableness

2.58

(0.65)

2.51

(0.64)

2.64

(0.65)

0.001

Conscientiousness

2.34

(0.66)

2.32

(0.65)

2.36

(0.66)

0.222

Emotional stability

1.99

(0.76)

2.16

(0.71)

1.83

(0.77)

< 0.001

7.71

(2.13)

7.34

(2.25)

8.08

(1.95)

< 0.001d

Other cognitive traits
Prosociality
Need to belong

2.95

(0.63)

2.90

(0.61)

3.01

(0.64)

0.004

Fear of negative evaluation

2.77

(0.65)

2.70

(0.58)

2.84

(0.70)

< 0.001d

Table 2.  Descriptive statistics. a Variable distributions are reported as mean (standard deviation) unless
otherwise stated. b Variable distributions are reported as n (%). c Chi-squared (χ2) test. d Welch’s t-test.

Results

Descriptive statistics are shown in Table 2. The mean score in the rule-following task was 31.00 for the sample
overall, while females scored higher on average than males (33.85 vs 28.23 respectively). A Welch’s t-test test confirmed that there was a statistically significant difference in sensitivity to norms according to gender (p < 0.000).
In addition, a larger proportion of males opted to disregard the rule of the game completely (18%) compared
to females (6%). Another noteworthy difference was found in the proportion of females who were classified as
“prefer rule-following” (31%) compared to males (18%). A Chi-squared (χ2) test (p < 0.001) of the categorical
data supported the results of the Welch’s t-test indicating that sensitivity to norms different significantly across
the two subgroups.
Of the Big Five personality traits, t-tests identified significant differences across the male and female subgroups for openness, agreeableness, and emotional stability. On average, females scored higher than males on
both openness and agreeableness scales. Conversely, males scored higher than females on the emotional stability
scale. No statistically significant differences were observed for extraversion and conscientiousness between the
two subgroups.
Differences were also observed for other cognitive traits, with females scoring higher than males on average
on the prosociality, need to belong, and fear of negative evaluation scales.

H1: Is adolescents’ sensitivity to norms associated with various personality and cognitive
traits? The one-way analysis of variance results (shown in Table S1, “Appendix” Part E) showed significant

differences across sensitivity to norms levels for openness, agreeableness, and fear of negative evaluation. This
finding is further reinforced when examining the mean scores for the three traits at each sensitivity to norms
level (Table S2, “Appendix” Part E). Adolescents who were classified as full rule-breaking (i.e., score = 0 in the
rule-following task) had the lowest mean score on the openness scale (2.44) compared with those who were
neutral (2.56) and full rule-followers (2.63). This trend was similar for agreeableness, with adolescents who were
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classified as full rule-breaking exhibiting the lowest mean score on the agreeableness scale (2.44) when compared
to those who were neutral (2.65) and full rule-followers (2.63). By contrast, fear of negative evaluation demonstrated an inverse relationship with the ordinal scale for sensitivity to norms. Adolescents who were classified as
full rule-breaking had the highest mean score on the fear of negative evaluation scale (2.87), whereas adolescents
who were classified as neutral and full rule-following had lower mean scores (2.84 and 2.73 respectively).
The results of the univariate multilevel mixed effects ordered logistic regression analyses are shown in Table S5
( “Appendix” Part F). Of the Big Five personality traits, higher scores for openness (β = 0.19, z = 2.33, p = 0.020)
and extraversion (β = 0.18, z = 2.31, p = 0.021) significantly increased the log odds of being in a higher sensitivity
to norms level. None of the cognitive traits were found to have a statistically significant association with sensitivity
to norms in the univariate multilevel mixed effects ordered logistic regression models.
The results of the multivariate multilevel mixed effects ordered logistic regression model are shown in Table S6
( “Appendix” Part F). In the overall sample, none of the personality or cognitive traits demonstrated a statistically
significant association with sensitivity to norms level.

H2: Does the distribution and magnitude of these associations vary across male and female
participants? When the results of the ANOVA tests were stratified by gender (Table S3 and Table S4,

“Appendix” Part E), they were largely similar to that of the composite sample except for a few noteworthy deviations: for the male sample, ANOVA results indicated there was no significant difference between each sensitivity
to norms level for scores on the openness scale; and in the female sample, the only significant difference was
found for fear of negative evaluation among the five sensitivity to norms levels.
Interaction analyses of the multilevel mixed effects ordered logistic regression models (Tables S7 and S8,
“Appendix” Part F) showed significant univariate interactions with gender (p ≤ 0.05) for conscientiousness, emotional stability, and fear of negative evaluation. In the multivariate model, significant interactions with gender
were present for emotional stability, need to belong and fear of negative evaluation. These results illustrate that,
particularly in the multivariate ordered logistic regression model, the association between sensitivity to norms
and traits such as emotional stability, need to belong and fear of negative evaluation may be moderated by gender.
Results of the gender-stratified univariate multilevel mixed effects ordered logistic regression models
(Table S5, “Appendix” Part F) indicated that, in the male subgroup, the Big Five personality traits that demonstrated statistically significant positive log odds were agreeableness (β = 0.28, z = 2.19, p = 0.028) and conscientiousness (β = 0.30, z = 2.36, p = 0.018). Fear of negative evaluation (β = -0.51, z = − 3.41, p = 0.001) was the only
cognitive trait among males that significantly negatively predicted the log odds of sensitivity to norms level. In
the female subgroup, no independent variables showed a significant association with sensitivity to norms level
in the univariate ordinal models.
The results of the gender-stratified multivariate multilevel mixed effects ordered logistic regression analyses
(Table S6, “Appendix” Part F) showed that need to belong (β = -0.21, z = − 1.97, p = 0.049) negatively predicted
the log odds of being in a higher sensitivity to norms level among males. For female respondents, the multivariate
model indicated that emotionally stability (β = − 0.21, z = − 2.11, p = 0.035) was significantly negatively associated
with sensitivity to norms level.

H3: After controlling for personality and cognitive traits, does gender retain a significant asso‑
ciation with sensitivity to norms? In the univariate multilevel mixed effects ordered logistic regres-

sion model, being female significantly increased the log odds of being classified in a higher rule-following level
(β = 0.46, z = 4.22, p < 0.001).
After adjusting for all other independent variables, gender (β = 0.42, z = 3.48, p = 0.001) significantly predicted the log odds of sensitivity to norms level, with females being more likely to be categorised in a higher
rule-following level compared to males.

Discussion

The goal of this study was to understand if adolescents’ sensitivity to social norms was associated with a variety
of personality and cognitive traits, and whether these associations varied according to gender. Overall, female
adolescents had higher levels of sensitivity to norms. With the exception of gender as a predictor of sensitivity
to norms, the results showed no consistent pattern between sensitivity to norms and the personality and cognitive traits. Results of the gender-stratified analyses indicated that need to belong was negatively associated with
sensitivity to norms in males, while emotional stability was negatively associated with sensitivity to norms for
females. This was supported by interaction analyses that showed significant interactions for emotional stability,
need to belong and gender, further highlighting the potential moderating role of gender between some psychosocial traits and sensitivity to norms.

Gender differences in sensitivity to norms and other traits. In the present study there were a num-

ber of significant mean-level differences between males and females with regards to the various personality and
cognitive traits. Females scored significantly higher than males on both prosociality and agreeableness scales,
in line with results from earlier studies48–54. However, contrary to the findings of Uliaszek et al.55 and Klimstra
et al.56 females and males had similar extraversion scores, and mean levels of conscientiousness were comparable, counter to results from Iimura and Taku57.
Similar to other studies, the males in the sample reported higher levels of emotional s tability48,52. On the other
hand, self-reported fear of negative evaluation was higher among female adolescents, corroborating the results
of other studies58–60 and which may be linked to higher levels of social anxiety in adolescent g irls61,62; lower
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self-esteem63; or higher sensitivity to rejection64. Openness and need to belong were additional traits on which
females had higher scores. As such, the findings align with those of Shi et al.65 and Leibovich et al.66, respectively.
Consistent with Kimbrough and V
 ostroknutov24,25 gender was the only factor that demonstrated a significant
association with norms sensitivity in the multivariate multilevel mixed effects ordered logistic regression model.
Further, the results point to a moderating role of gender between traits such as emotional stability and need to
belong and sensitivity to norms, suggesting that gender may strengthen or attenuate the relationship between
some traits and sensitivity to environmental normative influence.
These gender differences are, in part, explained in a review by McCoy et al.67 who draw on gender role
socialization theory to explain the differences in how gender norms and expectations are socially conditioned
and configured around gender-specific stereotypes. According to this view, males may be more susceptible to
deviant behaviour during adolescence when gender role stereotypes become more salient, and rule-breaking
behaviours are viewed as a means of garnering approval among male p
 eers68,69. Contrastingly, characteristics
associated with female stereotypes such as nurturance and emotional lability, in combination with greater social
sanctions for deviant behaviour, place them at reduced risk of deviant behaviour70. This is supported by identity
theorists who contend that parental expectations foster certain personality traits (or identity standards) such as
prosociality and conscientiousness in female children, whereas male children are expected to adopt more assertive behavioural characteristics in pursuit of greater autonomy and self-reliance71.
As a potential moderator of the relationship between external influences and intentions to engage in risky
behaviour, sensitivity to norms may contribute to healthy development if it enables adolescents to regulate
social behaviours and make sound judgements about the potential consequences, and thus can be linked to
goal-oriented behavioural preferences for adolescents. For instance, compared to males, adolescent females are
more prosocial and exhibit more “connection-oriented” (communal) goals, valuing relationships with others
and demonstrating greater interpersonal s ensitivity72. Consequently, the rule-following task employed in this
study may have elicited those values among the female participants. By comparison, male adolescents are largely
driven by agentic goals characterised by a desire for leadership and s tatus73.
These assumptions bifurcate development into two broad dimensions of agency and communion74. As proposed by gender intensification t heory75, gender role identities and behaviours diverge during early adolescence
as a result of social pressure to conform to socially sanctioned gender roles. Therefore, male adolescents more
commonly identify themselves with agentic attributes such as strength and intelligence, while female adolescents
identify with communal traits such as being helpful, sensitive, and communicative76.

Adolescent choice preferences and health behaviour.

While sensitivity to norms and susceptibility
to peer influence are not the same, the findings reveal important differences in how approaches to the rule-following task differed across the two genders. Furthermore, the absence of any statistically significant associations
between sensitivity to norms and the personality and cognitive traits implies that sensitivity to norms may be
an independent, and stable, personality dimension. Equally as pertinent is the observation that, proportionately
speaking, the same number of males and females opted to completely follow the rule in their respective subgroups. Only among the males was there a significantly larger proportion choosing to ignore the rule completely.
Therefore, three possibilities emerge: (a) the disutility from violating the stated rule of the game in exchange for
greater monetary reward was regarded as acceptable among males, suggesting there was an intrinsic motivation
for personal gain outweighing any disutility of violating the rule (and its concomitant normative expectation);
(b) females experienced greater disutility at the prospect of violating the rule, irrespective of the monetary consequences; or (c) some combination of (a) and (b).
Models of norm-dependent utility assume that the normative valence of an outcome is captured in a single
index of “social appropriateness” which enters into decision-making, weighted by individual norm-sensitivity.
But such a model leaves the sources of “social appropriateness” inside a black box. One factor worth considering is how social appropriateness depends on an individual’s reference group and how different groups of which
an individual sees him/herself as a member may make competing normative demands on behaviour—e.g., the
norms of one’s friend group may differ from the norms of one’s family such that following friends’ norms means
violating their family’s. Explicit consideration of these factors may help explain “audience effects”, or why finding
an unopened pack of cigarettes is more likely to result in smoking uptake when amongst one’s peers than when
with one’s family. Moreover, such models might be fruitfully combined with work on social reward processing
from the field of social neuroscience, and further complemented by robust measures of how the perceived social
value of performing an action (and other salient sociocontextual factors) can alter subjective assessments of utility
and risk. For example, reward processing can be influenced by the presence of others77 or by the context within
which decisions are framed78. Ciranka and van den B
 os79 adapted the expected utility model to three processes
underpinning social influence: (1) social motivation; (2) reward sensitivity; and (3) distraction. Each modification
to the base utility function adds parameters that can account for the three different social influence processes.
Specifically, the social sensitivity and reward sensitivity parameters make allowances for social information and
social context—two considerations that are important during adolescence.

Implications for future research.

One implication of the norm-dependent preferences framework is that
people will do whatever is seen as normative in their reference group. Depending on the reference group, some
behaviours can be viewed as more deviant than others. For example, antisocial peer behaviours (e.g., vandalism) carry different implications than prosocial peer behaviours (e.g., donating to charity). With this in mind,
we recall an earlier experimental study by Van Hoorn et al.80 that employed a public goods game to examine
how prosocial behaviours of adolescents were affected by peer influence. The results indicated that peers could
encourage both prosocial and antisocial behavioural choices. Therefore, future research should consider the
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application of similar choice-based models while integrating tasks that are more aligned with a variety of conventional risk behaviours. That is not to suggest that adolescents’ risk-taking preferences are directly linked to
sensitivity to norms. Rather, the results of the current study provide a basis for further empirical research on a
relatively nascent construct, and so far as extant research surrounding adolescent decision-making is concerned,
bring a fresh perspective to the question of norm-following preferences among this age group, albeit with a focus
on a limited number of personality and cognitive traits.
Given the well documented differences in risk-taking between males and f emales81, there is still an open
question as to what extent this is related to rule-following. The results from this study suggest that when risky
behaviors become normative, females (not males) would be more prone to engage in them, since they are more
sensitive to norms. Males may have different intrinsic attitudes towards risk, which lead them to take more risk
whether doing so is normative or not, but the model of norm-dependent utility assumes that risk preferences and
norm-sensitivity are orthogonal (as long as the latter is not measured under conditions where there is a threat
of punishment, which would confound norm-sensitivity with risk).
The field of social neuroscience has provided many innovative and novel contributions to the scientific discourse around adolescent health behaviour. This is exemplified in many studies’ application of functional and
structural magnetic resonance imaging (MRI) to capture complex neurobiological processes that underpin susceptibility to social influence during adolescence (see Telzer et al.82). For instance, Steinberg’s83 research addresses
the question of why risk-taking increases in the years leading to adolescence and subsequently declines prior to
adulthood. Steinberg submits that alterations in the brain’s socio-emotional system during puberty heightens
adolescents’ sensitivity to reward-related stimuli. This is brought about by a reconditioning of the brain’s dopaminergic system, increasing the vulnerability of adolescents to contextual influence84. This is echoed by other
researchers who also confirm a pattern of heightened sensitivity during adolescence to social r ewards85,86. Important gender differences have also been identified in behavioural neuroscience research. For example, Alarcón
et al.87 showed that during a series of self-referential processing tasks, neural responses among girls indicated
higher levels of disruption between neural networks that support self-referential processing and cognitive control.
Another notable result was that need to belong was significantly associated with sensitivity to norms for males.
By comparison, emotional stability was significantly associated with sensitivity to norms for females. This adds
weight to our findings in the interaction analyses, which suggested that the relationship between these traits and
sensitivity to norms is potentially moderated by gender. Further research should attempt to uncover the potential
mechanistic pathways between these traits and sensitivity to norms with a formal mediation/moderation analysis.

Strengths and limitations. There were a number of strengths associated with this study. First, the study

used an independent task to elicit sensitivity to norms, so the data are unconfounded with contextual cues present in many games that might influence measured s ensitivity24. Second, the study drew from a large sample of
adolescent students from two settings with varying sociocultural characteristics and health behaviour patterns.
This study also has several limitations. The data are cross-sectional, therefore any causal inferences could not
be made. There were also several caveats associated with using a single task to assess sensitivity to norms. Social
norms are complex, and their influence varies significantly according to behaviour and context. As such, future
research should incorporate a range of experimental tasks that capture sensitivity to different types of norms
such as injunctive norms, subjective norms, or descriptive norms. This may create a more robust measure of
norms sensitivity.
As noted earlier, sensitivity to norms was originally conceived to be measured on a continuous scale. Thus,
we are reticent to rely solely on the findings of the ordinal model alone as transforming sensitivity to norms into
an ordinal variable collapses the data and discards useful information provided by the continuous scale version.
Further, we contend that any divergence in the results between the linear models and ordinal models might suggest scope for further research or refinement of the experimental tool to capture norms sensitivity. Therefore, we
suggest that inconsistencies across the linear and ordinal models do not preclude the ability to draw statistically
meaningful conclusions from the data.

Conclusions

The purpose of this study was to understand if various personality and cognitive traits were associated with sensitivity to social norms, and whether these associations were different according to gender. The results reinforced
the findings from an earlier study and suggested female adolescents had higher levels of sensitivity to norms.
With the exception of gender, the results showed no significant associations between sensitivity to norms and
any of the personality and cognitive traits. However, the results provide a basis for future studies to examine
the psychosocial determinants of this relatively novel construct. Future research in this area would benefit from
examining norm-following preferences as they correspond to different health behaviours. Moreover, there are
opportunities for greater interdisciplinary consilience in this area. For example, advances being made in social
neuroscience to understand more about social reward processing can complement the norm-dependent utility
models advocated in this study.

Data availability

The datasets used and/or analysed during the current study are available from the corresponding author on
reasonable request.
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